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(54) Ferrule with four polarization maintaining optical fibres and optical coupler for the same 



(57) A four polarization maintaining optical fber fer- 
rule (10) which can keep the polarization maintaining 
planes of the optical f bers in place with respect to the 
reference planes of the ferrule (10), and also an optical 
coupler constructed using the four polarization main- 
taining optical fber ferrules so as to keep the perform- 
ance stably. Four polarization maintaining optical f foers 
(15, 16) are inserted into the end-face of the central 
throughhole (11) of the ferrule, and fastened there. A 
relation d = (2 1/2 + 1)d 1 + 6 is held for the diameter d 



of the central throughhole (1 1) at the end-face of the fer- 
rule, and the diameter dj of the optical fber element 
(15, 16), where 6 is an allowance in the order of 
microns. The reference planes (20) are provided on the 
outer surface of the ferrule so that the polarization main- 
taining plane of at least one of the polarization maintain- 
ing optical fiber elements (15, 16) is to be set at a 
certain angle with respect to the reference planes (20). 



FIG.l 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention relates to a four polarization 
maintaining optical fber ferrule, and an optical coupler 
for use with polarization maintaining optical fbers, 
which has been constructed using the optical f ber fer- io 
rule, so that the lightwave of a polarization maintaining 
optical fber is split into a pair of polarization maintaining 
optical fbers at an arbitrary splitting ratio, or the light- 
waves of a pair of polarization maintaining optical f bers 
are combined to a polarization maintaining optical fber. is 

2. Description of the Related Art 

The structure of an optical coupler composed of a 
graded index rod lenses in the prior art, an optical fitter so 
having a non-uniform spectral response, and wave- 
length division multiplexing means consisting of a 
reflection plane. 

FIG. 7 shows in principle the structure of the bidi- 
rectional optical coupler using the above mentioned 2S 
optical coupling structure. FIG. 8 shows in princple the 
structure of the unidirectional optical splitter. 

Since the optical coupler is commonly used for the 
structures of FIGs. 7 and 8, the optical coupling struc- 
ture will be descrbed hereafter. 30 

The graded index rod lenses 1, 2 have the same 
axial length ( Z A = Z 2 = 0.25 pitch ). These graded 
index rod lenses are available in the market as SeJfoc® 
lenses of Ninon fta Glass Co., Ltd. 

Dielectric material layers are deposited on the sur- as 
face of the glass plate 3 so that the reflection and trans- 
mission coefficients have different spectral responses. 
The glass plate 3 transmits part of the lightwave at the 
first wavelength and reflects other part of the light- 
wave at the second wavelength X^. 40 

The optical fbers 6A through 6C are connected to 
the outer surfaces of the graded index rod lenses 1 , 2 as 
shown in FIG. 9. The end-faces of the optical fbers 6A 
through 6C are accurately fastened by the epoxy resin 5 
to the graded index rod lens on the line Y-Y* passing 45 
through the optical axis thereof in the same distance 
(r 1 = r 2 = r 3 ) from the optical axis thereof. 

The lightwave power generated at a first wave- 
length of X 1 from a laser diode light source 8 is incident 
on the bidirectional optical coupler of FIG. 7. The light- so 
wave is input to an optical fiber 6A from the light source 
8. 

The end-face of an optical fber 6B is connected to 
an optical receiver 9 which consists of a photodiode. 

The lightwave at a second wavelength of ^ is ss 
transmitted through an optical fber 6C, reflected from 
the wavelength division multiplexing means 4, and inci- 
dent on the optical fber 6B passing back through the 
graded index rod lens 1 in the opposite direction. 



The lightwave at the first wavelength X 1f which is 
fed from the laser diode light source 8 through the 
graded index rod lens 2, is transmitted to the optical 
fber 6C through the wavelength division multiplexing 
means 3 and graded index rod lens 1 in sequence. 

The operation of the unidirectional optical mufti- 
plexerAjemurtiplexer wiD be described hereafter refer- 
ring to FIG. a As described heretofore, the optical 
coupler has the same structure as the bidirectional opti- 
cal coupler. 

The combined lightwaves at wavelengths of X 1 and 
*2 are incident on the graded index rod lens 1 after 
passing through the optical fber 6C. The second light- 
wave power at a wavelength of is reflected from the 
wavelength division multiplexing means 4. The first 
lightwave power at a wavelength of X, is incident on the 
graded index rod lens 2 after passing through the wave- 
length division multiplexing means 4 and then goes to 
the optical fber 6A. The second lightwave power at a 
wavelength of which is reflected from the wavelength 
division multiplexing means 4, goes back to the optical 
fber 6B passing back through the graded index rod lens 
1. This process is also reversble. If the lightwave at a 
wavelength of ^ is fed to the optical fber 6A when the 
lightwave at a wavelength of is fed to the optical fber 
6B, the combined Oghtwaves at wavelengths of X 1 and 
A2 can be obtained from the optical fber 6C. 

There is a well known optical coupler fabricated by 
fusing and drawing a pair of attached optical fber por- 
tions, which differs from that fabricated using a pair of 
graded index rod lenses. For instance, an optical cou- 
pler of the fusion and drawn type is disclosed in the 
United Kingdom patent application number 
GB2239719A. An optical coupler fabricated based on 
the Evanescent effect is produced and sold by Fujikura 
Co., Ltd. (See polarization maintaining optical fber 
series No. 90073000D.) 

The optical coupler of the fusion and drawn type 
has an isolation of 15dB between a pair of wavelengths, 
and however an optical coupler of the graded index rod 
lens type has an isolation of 40dB or mora 

The optical coupler of the graded index rod lens 
type has a certain optical power splitting ratio which is 
independent of the light power wavelength, and how- 
ever the optical coupler of the fusion and drawn type 
has a wavelength dependent optical power splitting 
ratio. 

Corrtrarily, the optical coupler of the graded index 
type has such defect that any alignment errors between 
the optical fber 6B or 6C and the rod lens 1 and 
between the optical fber 6A and the rod lens 2 cause 
large insertion losses when the optical fbers 6A through 
6C are connected to the graded index rod lenses 1 and 
2. The optical fbers 6A, 6B, and 6C are to be arranged 
at r 1 , r 2 and r 3 distant from the central optical axes of the 
graded index rod lenses 1 and 2. respectively. Dis- 
tances r t . r 2 and r 3 are to be aligned at the specified val - 
ues plus (or minus) 1 to 2 jim or less. Each of the optical 
fbers 6A, 6B and 6C is to be fastened to the respective 
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rod lens 1 or 2 at the specified point of locations so that 
the optica) fiber 6A, 6B or 6C is set at the point of loca- 
tion determined by fine Y-V which passes through the 
central opticaJ axis of the rod lens 1 or 2. If errors occur 
when the optica] fbers 6A through 6C are fastened to 5 
the rod lenses 1 and 2, excessive optical power losses 
are generated in proportion with these errors. 

The optical fbers 6A through 6C are to be fastened 
to the graded index rod lenses 1 and 2 by the epoxy 
resin so that no error may occur. 10 

Since the fabrication requires a number of proc- 
esses, a high degree of skill, and a great amount of 
expense, th price of the product is necessarily high. If a 
laser power source having a large optical power capa- 
bility is used together with the opticaJ coupler, the epoxy is 
resin will be fatigued by the laser power during the oper- 
ation over a long period of time. 

Other problems of fabricating the optical coupler for 
use with polarization maintaining opticaJ fibers are 
expected to arise from the use of graded index rod 20 
lenses of aforementioned structure. These are as fol- 
lows. 

FIG. 10 shows the structure of an optical coupler 
wherein the polarization maintaining optical fibers 60 A, 
60B and 60C are used in place of the opticaJ fbers 6 A, 25 
SB and 6C, respectively. 

As described heretofore, each of the opticaJ fbers 
6 A, 6B and 6C is to be fastened to the respective rod 
lens 1 or 2 at the specified point of location so that the 
optical f ber 6A. 6B or 6C is set at the point of location 30 
determined by line Y 1 -Y 1 or Y 2 -Y 2 which passes 
through the central optical axis of the rod lens t or 2. 

The polarization maintaining optical fiber has a 
such cross-sectional structure which is different from 
the normal opticaJ fber that tension members 67 are 35 
symmetrically provided on both sides of the core 65 
within the cladding layer 66 outside the core 65. 

If any angular phase errors have occurred in an 
interface between the axes Yj-Y.) or Y 2 -Y 2 and among 
the axes X r X 1f X 2 -X 2 , and X 3 -X 3 when a pair of polari- 40 
zation maintaining optical fibers are connected together, 
the extinction ratio will be decreased since the polariza- 
tion of the polarization maintaining optica) fbers is lost 

The extinction ratio ER can be calculated by 

45 

ER(dB)=-10log(tan 2 6) 

where 6: Angular phase errors (degrees) in the 
X-Y and XX directions 

An extinction ratio of 30 dB or more seems to be so 
desired. For ER=30dB, 0*1 .8° is obtained. 

If the ratio of the reflectance to the transmrttance of 
the optical film 4 is specified as 50 to 50. the lightwave 
which has passed through the polarization maintaining 
optical fber comes out to the polarization maintaining 55 
optical fibers 60A and 60B so that the optical power 
ratio of the polarization maintaining optica) fber 60A to 
the polarization maintaining optica) fber 60B is 50 to 50. 



ff the ratio of the reflectance to the trartsmrttance of 
the optical fber 4 is specified as 10 to 90. the optical 
power ratio of the polarization maintaining optical fiber 
60A to the polarization maintaining optical fber 60 B is 
10 to 90. 

When lightwaves are concurrently input to the 
polarization maintaining optica) fbers 60A and 60B, 
these lightwaves are combined together and come out 
to the polarization maintaining optical fber 60 C. This is 
the principle of operation of the optical mutti- 
plexerAJernuftiplexer consisting of a 1x2 circuit. 

A mirror consisting of an optical film which reflects 
the lightwave at a wavelength of and transmits the 
lightwave at a wavelength of has a capability to oper- 
ate as an optical coupler consisting of a 1x2 circuit. 

The optical coupler for use wfth polarization main- 
taining optical fbers has a crosstalk of 40dB or more 
which can easily be obtained, while the optica) coupler 
for use with norma) optical fbers has a crosstalk of 
15dB. Excessive optical losses which are caused by the 
mechanical accuracy of the assembly depend on the 
alignment of the polarization maintaining optical fbers 
60 A, 60B and 60C to the graded index rod lenses 1 and 
2 when they are connected together. 

The optical fbers 6A, 6B and 6C are, as shown in 
FIG. 10, to be arranged at r 1t r 2 and r 3 distant from the 
central optical axes of the graded index rod lenses 1 
and 2, respectively. Distances r 1( r 2 and r 3 are to be 
aligned at specified values plus (or minus) 2um or less. 
Angular phase errors among the axes X 1 -X 1 , X 2 -X 2 and 
X3-X3 along which tension is applied to the polarization 
maintaining optica) fbers so as to keep the extinction 
ratio high are to be 1.8° or less by accurately aligning 
the polarization maintaining optical fbers to the graded 
index rod lenses. Since the fabrication requires a 
number of processes, a high degree of skill, and a great 
amount of expense, the price of the product is neces- 
sarily high. 

Since the epoxy resin is used to connect the polari- 
zation maintaining optical fbers to the graded index rod 
lenses, the epoxy resin exposed to the high power laser 
beams which are tr an smit te d through the interfaces 
between the polarization maintaining optical fbers and 
gaded index rod lenses for a long period of time will be 
fatigued by the laser power during the operation. 

U.S. Pal No. 4.989,946 discloses optical fber 
switches constructed using ferrules whose appearance 
resembles those of the present invention, which will be 
descrbed hereafter together with the present invention. 

The first object of the present invention is to provide 
a four polarization nraintaining optical fber ferrule, 
wherein the polarization maintaining planes can be set 
in place with respect to the ferrula 

The second object of the present invention is to pro- 
vide an optical coupler which stably exhbrts the satis- 
factory performance using the four polarization 
maintaining optical fber ferrule, which can be fabricated 
at low cost 
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SUMMARY OF THE INVENTION 

In order to accomplish the object of the present 
invention, four polarization maintaining optical fber fer- 
rule fabricated in accordance with the present invention 
wherein four polarization maintaining optical fber ele- 
ments are inserted into the central throughhole at the 
end-face thereof and fastened there, and wherein the 
relation between the diameter of the central throughhole 
at the end-face thereof and the diameter of these optical 
fber elements is defined by the following formula: 

where 

d: Diameter of the central throughhole at the end- 
face of the ferrule. 

d 1 : Diameter of the polarization maintaining opti- 
cal fber elements. 

(Unclad optical fibers) 

5: Allowance in pm 
Angular reference portions are provided on the 
outer cylindrical portion thereof, the polarization main- 
taining surface of at least one polarization maintaining 
optical fiber element is kept at certain angles with 
respect to the reference portions, and fastened there. 

In the four polarization maintaining optical fber fer- 
rule, the nominal value of the diameter (d) of the central 
throughhole of the ferrule is given by d=£03|im, the 
nominal value of the cfiameter (d^ of the polarization 
maintaining optical fber element is given by d 1 =125nm, 
and the allowance 6 is given by 6<3jim. 

In the four polarization maintaining optical fiber fer- 
rule, the polarization maintaining surfaces of at least 
one pair of polarization maintaining optical fber ele- 
ments arranged symmetrically with respect to the cen- 
tral axis of the ferrule are kept at certain angles with 
respect to the reference portions, and fastened there. 

In the four polarization maintaining optical fber fer- 
rule, the polarization maintaining surfaces of each pair 
of polarization maintaining optical fber elements 
arranged symmetrically wfth respect to the central axis 
of the ferrule are kept at certain angles with respect to 
the reference portions, and fastened there. 

In order to accomplish the object of the present 
invention, an optical coupler using a pair of four polari- 
zation maintaining optical fber ferrules, which is built in 
accordance with the present invention, consists of a 
sleeve, a thin fim which transmits part of an incident 
light while reflecting the remainder, a lens unit consist- 
ing of a pair of graded index rod lenses arranged within 
the sleeve so that the thin film is inserted between the 
pair of graded index rod lenses, and a selected pair of 
the ferrules which have been descrbed heretofore, 
wherein the selected pair of ferrules are inserted into 
the sleeve from both ends thereof. 

In the optical coupler using a pair of four polariza- 
tion maintaining optical fber ferrules, second reference 



portions are provided in the sleeve so as to mate with 
first reference portions of the above ferrules. 

In the optical coupler using a pair of four polariza- 
tion maintaining optical fber ferrules, the first reference 
s portions of the ferrule are the reference portions made 
as outer flat planes, and the second reference portions 
of the sleeve are the reference portions made as inner 
flat planes which can mate with the outer flat planes. 

In the optical coupler using a pair of four poiariza- 
io tion maintaining optical fber ferrules, the optical cou- 
plers) is(are) an optical coupler of 1x2 circuit type or a 
set of optical couplers of 1x2 circuit type. 

In the optical coupler a pair of four polarization 
maintaining optical fber ferrules, the thin film transmits 
is the first wavelength component (A^) contained in the 
incident light, and reflects the second wavelength com- 
ponent (A2) contained therein. 

In the optical coupler using a pair of four polariza- 
tion maintaining optical fber ferrules, the thin fflm which 
20 transmits part of the incident light while reflecting the 
remainder can be a multilayer dielectric fflm formed on a 
surface of the graded index rod lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 shows a cross-sectional view of an embodi- 
ment of a four polarization maintaining optical fber fer- 
rule, which is built in accordance with the present 
invention. 

30 FIG. 2 shows an end-face of the embodiment of the 
ferrule wherein the central portion thereof is partly 
extended. 

FIG. 3 shows a cross-sectional view of an embodi- 
ment of a lens unit for the optical coupler built in accord- 
35 ance with the present invention. 

RG. 4 shows a cross-sectional view of an embodi- 
ment of an optical coupler constructed using said lens 
unit combined with the ferrule. 

RG. 5 shows an extended view of end-face, which 
40 are illustrated to explain the use of the optical coupler of 
FIG. 4 as two sets of 1x2 optical couplers. 

FIG. 6 shows a cross-sectional view of a graded 
index rod lens and a thin film, which is illustrated to 
explain the use of the optical coupler of FIG. 4 as two 
45 sets of 1x2 optical couplers. 

RG. 7 shows in principle a cross-sectional view of a 
structure of a bidirectional optical coupler wherein a 
conventional graded index rod lens, a filter having a 
nonuniform spectral response, and a reflection surface 
so are combined together. 

FIG. 8 shows in principle a cross-sectional view of a 
structure of a unidirectional optical coupler wherein a 
conventional graded index rod lens, a filter having a 
nonuniform spectral response, and a reflection surface 
55 are combined together. 

FIG. 9 shows cross-sectional views of the junctions 
between the graded index rod lenses and the optical fib- 
ers of both devices of FIGs. 7 and 8, respectively. 
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FIG. 10 shews cross-sectional views of polarization 
maintaining optical fbers, wherein the polarization 
maintaining optical fbers are used in place of normal 
optical fibers. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

The present invention will be described hereafter 
referring to the drawings. 

FIG. 1 shows a cross-sectional view of an embodi- 
ment of a four polarization maintaining optical fber fer- 
rule, which is built in accordance with the present 
invention. FIG. 2 shows an end-face of the embodiment 
of the ferrule wherein the central portion thereof is partty 
extended. 

Ferrule 10 is a cylinder made of a sintered zirconia 
ceramic material, and it has an inner diameter d=303jim 
at the center of the end-face thereof. A throughhole 1 1 
having a moderate length can accept four optical fber 
end-faces 15, 16, 17 and 18 at the end-face of ferrule 
10. A hole 13 is provided to accept 4 optical fbers and 
their overcoats 12 at the base of ferrule 10. The 
throughhole 11 is connected to the hole 13 through a 
connecting hole having a tapered surface 14 with an 
inclination angle of 15 degrees or less. 

A flange 19 is provided on the left side of the ferrule 
(FIG. 1). The reference 20 consisting of a flat plane on 
the outer surface of the ferrule has a width W 1 in the 
same distance from the center of the ferrule 10. 

The polarization maintaining optical fber elements 
15, 16, 17 and 18 indicate the end-faces of the polariza- 
tion maintaining optical ffoers from which overcoats 12 
are removed, and each element has an outer diameter 
di of 125um (d 1 = 125fim). 

The diameter d of the throughhole on the right side, 
which can be seen from the end-face of the ferrule 10, 
is expressed in terms of the diameter d 1 of the polariza- 
tion maintaining optical fibers as: 

d=(2 1i2 + 1XI 1 +6 

where 

5: Allowance for errors in the order of microns. 

The allowance 5 is 3fim or less fa^3\im) in the 
present embodiment. If the inner diameter d of the 
throughhole at the end-face of the ferrule is set at 
303pm (d=303|im), the outer surfaces of the polariza- 
tion maintaining optical fber elements 15, 16, 17 and 18 
are tightly contacted together. When the polarization 
maintaining optical fber elements are inserted into the 
throughhole 11, the outer surfaces of the polarization 
maintaining optical fber elements 15, 16, 1 7 and 18 can 
be contacted to the inner surface of the throughhole 1 1 . 

At this step, the following operations are required. 
Trie ferrule is to be installed in the positioning tool. The 
reference 20 consisting of a flat plane on the outer sur- 
face of the ferule, which is located on the flange in par- 
allel with the central axis of the ferrule, is to be set on 



the base Gne along the X-X axis of a microscope (not 
shown). The end-faces of four polarization maintaining 
optical fber elements 15, 16, 17 and 18 are to be moni- 
tored on the microscope with a multiplication factor of 

5 400 to 500. The polarization maintaining optical f bers 
are to be revolved until the X 1 -X 1 and X 2 -X 2 axes along 
which the tensile forces are applied to the polarization 
maintaining optical fbers 15. 16 accurately agree with 
the base line on the X-X axis of the microscope. 

10 The polarization maintaining optical fbers are to be 
revolved in the same manner as above until the Y 1 -Y 1 
and Y 2 -Y 2 axes along which the tensile forces are 
applied to the polarization maintaining optical fbers 17, 
1 8 accurately ag/ee with the base Gne on the Y-Y axis of 

75 the microscope. Thereafter, the end-faces of the polari- 
zation maintaining optical fbers are to be polished after 
the other end-faces of the polarization maintaining opti- 
ca) fbers are connected to the other fibers by the adhe- 
sive agent A pair of four polarization maintaining optical 

20 fber ferrules F1 and F2, which are used to construct an 
optical coupler for polarization maintaining optical fb- 
ers, can be built in this manner. 

Assuming that the inner diameter d of the through- 
hole 11 at the end-face of the ferrule is 303p.m 

25 (d=303jim), and that the outer diameter d 1 of th3 
respective polarization maintaining optical fber ele- 
ments 125>m ^=125^). The distances r v r 2 , r 3 and 
r 4 from the central axis of the ferrule throughhole 1 1 to 
the polarization maintaining optical fber elements 15, 

30 16, 1 7 and 18 are calculated as 88.39 to 89.00pm The 
distance of the optical axis of each polarization main- 
taining optical fber element from the central axis of the 
throughhole 11 has an error of 0.3|im, which can be dis- 
regarded. The angle of the optical axis of an polariza- 

35 Hon maintaining optical fber element from the optical 
axis of another polarization maintaining optical fber ele- 
ment has an error of 0.004°, which causes no problem 
when the ferrule is put into practical use. 

Consider a lens unit assembly A consisting of a pair 

40 of four polarization maintaining optical fber ferrules F1 
and F2 which are coupled together to construct an opti- 
cal coupler. 

FIG. 3 shows a cross-sectional view of an embodi- 
ment of a lens unit, together with a cross-sectional view 
45 of an end-face of the lens unit wherein a ferrule is 
inserted. 

FIG. 4 shows a cross-sectional view of an embodi- 
ment of an optical coupler constructed using the lens 
unit combined with the ferrule 
so A precise throughhole 23 is bored through a cylin- 
drical sleeve 21 of the lens unit assembly as shown in 
FIG. 3. 

A pair of first references are made of flat planes 22, 
22 on the inner surface of the sleeve, consisting of a pair 
55 of parallel grooves having width W 2 at both ends of the 
cylindrical sleeve 21. A pair of second references are 
made of flat planes 20, 20 on the outer surface of the 
ferrule, consisting of a pair of parallel flanges of the four 
polarization maintaining optical fber ferrules F1 and F2. 
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A pair of f irst references 22, 22 at both ends of the cylin- 
drical sleeve 21 mate with a pair of second references 
20, 20 with a gap of 20^m or less. 

A pair of graded index rod lenses 24, 25 are 
inserted into precise throughhole 23 bored at the center 
of the precise cylindrical sleeve 21 toward the central 
portion of the cylindrical sleeve 21. A thin film 26 which 
transmits part of the incident light and reflects the 
remainder is formed inbetween the pair of graded index 
rod lenses 24, 25 so that the lens unit assembly A is 
built using these components. 

FIG. 4 shows a cross-sectional longitudinal view of 
an embodiment of an optica) coupler constructed using 
a pair of four polarization maintaining optical fiber fer- 
rules, which is built in accordance with the present 
invention. 

The optical coupler of FIG. 4 is built by inserting a 
pair of four polarization maintaining optical fiber ferrules 
F1 and F2 into the precise throughhole 23 of the lens 
unit assembly A so that the reference portions 20 con- 
sisting of second flat planes mate with the reference 
portions 22 consisting of first flat planes on both sides of 
the lens unit assembly A, and that the end-faces of the 
lens unit assembly A contact the outer end-face of a pair 
of graded index rod lenses 24, 25. 

Assume that the reference portions 20 consisting of 
second flat planes of the four polarization maintaining 
optical fiber ferrules F1 and F2 mate with the reference 
portions 22 of first flat planes at both end-faces of the 
sleeve assembly A combined with the lenses when the 
optical coupler is constructed using a pair of four polari- 
zation maintaining optical fber ferrules F1 and F2 in 
accordance with the present invention. The locations of 
the respective polarization maintaining optical fbers in 
the direction of the racfius in each ferrule, the angular 
phases among these fbers along the circumference of 
each ferrule, and the angular phases among the axes to 
which the tensile forces are applied can accurately be 
determined without any adjustment during the assem- 
bling of the optical coupler. 

The operation of the optical coupler built in accord- 
ance with the present invention will be described here- 
after referring to FIGs. 5 and 6. 

FIG. 5 shows an extended view of end-faces of a 
pair of four polarization maintaining optical fiber ferrules 
F1 and F2, which is seen from the graded index rod 
lenses. 

Polarization maintaining optical fbers 15 1f 16 1f 17 1f 
18 1 are installed in the four polarization maintaining 
optical fber ferrule F1. Polarization maintaining optical 
fibers ISg. I62, 17 2> 182 are installed in the four polari- 
zation maintaining optical fber ferrule F2. 

FIG. 6 shows a cross-sectional view of the optical 
coupler. The optical coupler is longitudinally cut along 
the Y-Y axis of FIG. 2 at the top of FIG. 6, and along the 
X X axis of FIG. 2 at the bottom of FIG. 6. H the ratio of 
the reflection coefficient to the transmittance for the thin 
film 26 is 50 to 50, 50% of the light power incident from 
the polarization maintaining optical fiber 1 5f is reflected 



from the thin film 26, and then goes to the polarization 
maintaining optical fber 16^ 

The remaining 50% of the incident light power is 
transmitted through the thin film 26. and goes to the 

5 polarization maintaining optical fiber I62. The optical 
coupler is thus operated as a 1x2 optical coupler having 
a fight power splitting ratio of 50 to 50. 

If the rx)larizatk)n maintaining optical fbers 18^ I82 
are connected to the light sources at the bottom of FIG. 

10 6, the polarization maintaining optical fbers 17 1p 18 1( 
1 82 can be used for the 1x2 optical coupler. 

The Dpjrt power coming from the polarization main- 
taining optical fber 18, goes out to the polarization 
maintaining optical fber 1 7 t , reflected from the thin film 

is 26 because the polarization maintaining optical fber 
1 7 t is symmetrical with respect to the polarization main- 
taining optical fber 18j. The light power coming from 
the polarization maintaining optical fber 18g goes out to 
the polarization maintaining optical fber 17 1f transmit- 

20 ted through the thin film 26 because the polarization 
maintaining optical fber 1 7 t is symmetrical with respect 
to the polarization maintaining optical fber I82- This is 
the reason that the above circuit operates as a 1x2 opti- 
cal coipJer. 

2s This embodiment of the optical coupler has a func- 
tion of a pair of optical couplers of 1x2 circuit The polar- 
ization maintaining optical fbers 15^, 17 2 are used as 
dummy fbers for the alignment. 

Assume that the thin film 26 transmits the first 

30 wavelength (Xj) component of the incident light while 
reflecting the second wavelength (X^ component 

If the first wavelength (^) component is fed to the 
optical fber 182 when the second wavelength (Ag) com- 
ponent is fed to the optical fber 18j, both the first and 

35 second wavelength + X2) components appear at the 
optical fber 17 1 since the first wavelength (^) compo- 
nent is combined with the second wavelength (Ag) com- 
ponent on the optical fber 17 v 

Asdescrfoed heretofore, up to two optical couplers 

40 can be obtained using a pair of ferrules with 4 optical fib- 
ers and a set of lens unit 

The embodiment of FIG. 5 and 6 uses two optical 
fbers installed in ferrule F1 although fernJes F1 and F2, 
each of which uses four optical fbers, are used to build 

45 an optical coupler. A set of optical coupler can also be 
built using both two optical fibers installed in ferrule F2 
and one optical fber installed in ferrule F1 . 

Necessities are the installation of four optical fbers 
into a throughhole of a ferrule in the present invention. 

so Unused optical fbers are necessary for mechani- 
cally keeping the locations of optical fbers being used. 
The end-faces of the unused optical fbers are to be set 
opaque, if necessary. 

US. Pat No. 4,989,946 discloses a ferrule whose 

55 throughhole contains both two optical fber end-faces 
and seven optical fber end-faces. The diameter of the 
throughhole of the ferrule wherein two optical fiber end- 
faces have been inserted is twice that of the optical 
fber. 
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Assume that the inner diameter of the ferrule is dw, 
the diameter of the optical fiber is d 1f and that the error 
between the diameter of the throughhole of the ferrule 
and the cfiameter of the optical fber is dw. Then 
dw = 2d 1 + 6w holes for them. rf 6w = 3\un, the angular 5 
phase error between the pair of optical fbers is 12.5 
degrees for a ferrule, and 25 degjees for a pair of fer- 
rules. These ferrules can not be used in the present 
invention. 

An angular phase error is 0.004 degree in the to 
embodiments of the present invention. 

Expression dw = 3d 1 + 6w is valid for the ferrule 
containing 7 optical fibers. The fabrication of the femJe 
containing 7 optical fbers is difficult because 7 optical 
fbers can not easily be aligned. is 

As described heretofore, the optical coupler built in 
accordance with the present invention using a pair of 
four polarization maintaining optical fber ferrules is fab- 
ricated using a pair of optical couplers of 1x2 circuit type . 
which are built in a lens assembly A constructed using a 20 
pair of graded index rod lenses. Because of this type of 
simple construction, the optical coupler is small in size 
and light in weight The optical coupler can be built in 
the same manner as the optical connector of conven- 
tional type, and no special skill is needed for fabricating 25 
the assembly. 

The accuracy of aligning the optical axes between 
the respective polarization maintaining optical fibers 
and graded index rod lenses is specified as 2}im or less 
in the angular phase in the circular and radial directions. 30 
The excessive optical power loss can thus be reduced. 

In addition, the axes of the polarization maintaining 
optical f bers installed in the ferrules, to which the ten- 
sile forces have been ^plied, can be aligned with 
respect to the reference plane of the ferrules before the 3S 
assembly of an optical cotpler is built. The sleeve com- 
bined with the lens assembly can be aligned using the 
reference planes without additional adjustment. The 
extinction ratio can thus be kept high. 

This invention can drastically reduce the perform- 40 
ance degradation of the optical coupler due to the 
fatigue of the adhesive agent because it is unused on 
the surfaces of the optical fibers through which the light- 
wave is transmitted, even if a light power source having 
high output power is used. 45 

Since a pair of optical couplers of 1x2 circuit type 
are built in a structure in accordance with the present 
invention, optical fber gyros (i.e., optical fber rotation 
sensors) or Mach-Zender interferometer sensors (i.e. 
optical fber acoustic, electromagnetic field, and pres- so 
sure sensors) can be built in small size. 

Claims 

1. Four polarisation maintaining optical fbre ferrule ss 
(10) wherein four polarisation maintaining optical 
fbre elements (15-18) are inserted into a central 
throughhole (11) at an end-face thereof and fas- 
tened there, and wherein the relation between the 



diameter of the central throughhole (1 1) at the end- 
face thereof and the diameter of these optical fbre 
elements is defined by the following formula: 

d=(2 1/2 + 1^+6 

where 

d: Diameter of the central throughhole at the 
end-face thereof. 

d 1 = Diameter of the polarisation maintaining 
optical fbre elements. 

(Unclad optical f bres) 

5: Allowance in |im. 

wherein angular reference portions (20) are 
provided on the outer cylindrical portion thereof and 
wherein the polarisation maintaining surface of at 
least one polarisation maintaining optical fbre ele- 
ment (15-18) is kept at certain angles with respect 
to said reference portions (20) and fastened there. 

2. Four polarisation maintaining optical fbre ferrule 
(10) as claimed in claim 1 

wherein 

the nominal value of the diameter (d) of the 
central throughhole (11) thereof is given by d = 303 
|im; 

the nominal value of the diameter (d^of said 
polarisation maintaining optical fbre element is 
given by d! = 125pm; and 

the allowance (6)is given by 6 ^ 3p.m. 

3. Four polarisation maintaining optical fbre ferrule 
(10) as claimed in claim 1 

wherein the polarisation maintaining sur- 
faces of at least one pair of polarisation maintaining 
optical fbre elements (15-18) arranged symmetri- 
cally with respect to the central axis thereof are kept 
at certain angles with respect to said reference por- 
tions, and fastened there. 

4. Four polarisation maintaining optical fbre ferrule 
(10) as claimed in claim 1 

wherein the polarisation maintaining sur- 
faces of each pair of polarisation maintaining opti- 
cal fbre elements (15-18) arranged symmetrically 
with respect to the central axis thereof are kept at 
certain angles with respect to said reference por- 
tions (20), and fastened thera 

5. Optical coupler using a pair of four polarisation 
maintaining optical fbre ferades(F1 , F2) 

consisting of 
a sleeve (21), 

a thin film (26) which transmits part of an 
incident light while reflecting the remainder, 

a lens unit consisting of a pair of graded 
index rod lenses (24, 25) arranged within said 
sleeve (21) so that said thin film (26) is inserted 
between said pair of graded index rod lenses (24, 
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25). 

and 

a selected pair of ferrules (F1, F2)ofciaim1, 

claim 3 or claim 4, 

wherein 5 
said selected pair of ferrules (F1. F2) are 

inserted into said sleeve (21) from both ends 

thereof. 

€. Optical coupler using a pair of four polarisation 
maintaining optical fixe ferrules (F1. F2) as 
claimed in claim 5 
wherein 

second reference portions (22) are provided 
in said sleeve so as to mate with first reference por- 
tions (20) of the ferrules of claim 1, claim 3 or claim 
4. 

7. Optical coupler using a pair of four polarisation 
maintaining optical fixe ferrules (F1, F2) as 
claimed in claim 6 
wherein 

said first reference portions (20) of said fer- 
rule are the reference portions made as outer flat 
planes, 

and 

said second reference portions (22) of said 
sleeve are the reference portions made as inner flat 
planes which can mate with said outer flat planes 
(20). 

a Optical coupler using a pair of four polarisation 
maintaining optical five ferrules (F1, F2) as 
claimed in claim 5 

wherein 35 
said optical couplers) is (are) an optical cou- 
pler of 1x2 circuit type or a set of optical couplers of 
1x2 circuit type. 

9. Optical coupler using a pair of four polarisation 40 
maintaining optical fixe ferrules (F1, F2) as 
claimed in claim 5 

wherein 

said thin film (26) transmits the first wave- 
length component fa) contained in the incident as 
light, and reflects the second wavelength compo- 
nent (Xg) contained therein. 

10. Optical coupler using a pair of four polarisation 
maintaining optical fixe ferrules (F1, F2) as so 
claimed in claim 5 

wherein 

said thin film (26) which transmits part of 
said incident light while reflecting the remainder can 
be a multilayer dielectric film formed on a surface of ss 
said graded index rod lens (24, 25). 
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